Single top quarks in the t channel are produced though the electroweak force and are therefore an excellent way to probe the electroweak sector of the standard model with top quark physics. The recent cross section measurement of single top t-channel production from the CMS collaboration is presented in this poster. The analyzed data was taken during the LHC Run II in 2015 at a center-of-mass energy of 13 TeV. A multivariate classifier is used to distinguish signal and background processes and the cross section is then extracted using a binned maximum-likelihood fit.
Introduction
Although top quarks are dominantly produced in pairs at the LHC, single top quark production has a significant contribution to the overall top quark production. The top quark pair production is mediated via the strong force, while for single top quark production it is the electroweak force through a Vtb vertex. At a center-of-mass energy of 13 TeV about 70% of all single top quarks are produced via the t channel. The process can theoretically described either in the five-flavor scheme, where the bottom quark is one of the initial partons (2 → 2 process), or the four-flavor scheme, where the bottom quark emerges from an additional gluon splitting. Figure 1 shows the leading order Feynman diagrams for both flavor schemes. Other production mechanisms are the tW-associated production and the s-channel production, which account for the reaming 30% of the single top quark production rate. The predicted cross sec- Figure 1 : Feynman diagrams in leading order for the t-channel production of single top quarks. The five-flavor scheme is shown on the left, where the bottom quark comes directly from the initial proton. In the four-flavor scheme, which is shown on the right, the bottom quark is created from an initial gluon splitting. tions at 13 TeV for top quark, antitop quark and inclusive t-channel production at next-to-leading order, calculated using HATHOR [1] , are: σ t-ch.,t = 136.0
Measurement
The analysis uses proton-proton collision data recorded in 2015 at the LHC corresponding to an integrated luminosity of L = 2.2 fb −1 . The collisions are recorded with the CMS detector [2] . Because of the low off-diagonal elements of the CKM matrix the top quark decays in nearly all cases into a W boson and a bottom quark.
Thus, the decay of the top quark is characterized by the decay of the W boson. In this analysis only leptonic W bosons are studied, where decays into tau leptons are only considered if the tau lepton decays further into a muon. The final state of the process consist of an light-flavored quark, which is usually emitted in forward direction, a bottom quark, a muon and a neutrino. A second bottom quark can also be present (see Fig. 1 ), but it often fails the detector acceptance. Events are selected which contain exactly two jets, where only one is identified as originating from a bottom quark, and one isolated muon. As the neutrino escapes the detector without any interaction only the transverse component can be indirectly measured using the p T balance of the event. The W boson is reconstructed by constraining its mass to the literature value and solving the resulting quadratic equation. Finally, the top quark is reconstructed by adding the four-momenta of the W boson and the jet originating from the bottom quark. One important background of the analysis is the contribution from QCD multijet events. Since it cannot be reliable estimated from simulation a data-driven approach is used. The distribution of the transverse W boson is used to distinguish QCD and non-QCD processes. A fit to this distribution is performed, where the two free parameters are the normalization of the QCD and non-QCD templates. The result of the fit is shown in Fig. 2 . A cut on m W T > 50 GeV is applied to further reduce the QCD contribution in the following. The contribution from all other processes is estimated with Monte Carlo simulations. Expected and observed event yields in the signal region are shown in Table 1 . A neural network is trained in the signal region to combine the separation power of several variables into one discriminating variable. The most important input variables are the pseudorapidity of the light-flavored quark and the reconstructed top quark mass. A maximum-likelihood fit is performed to the output distribution of the neural network. The signal is unconstrained and the background processes have a specific prior with a width according to the uncertainty of their theoretical cross section. The Table 1 : Event yields in the signal region for positively and negatively charged muons. The expected numbers are taken from Monte Carlo simulations, where the uncertainty corresponds to the size of the simulation samples. Only the QCD multijet contribution is estimated using data and an uncertainty of 50% is used.
fit is performed simultaneously in the signal region and two control regions to constrain the top quark background. The resulting distribution in the signal region is shown in Fig. 3 . The measured cross sections are: Good agreement between simulation and data is observed [3] . σ t-ch.,t = 154 ± 8 (stat) ± 9 (exp) ± 19 (theo) ± 4 (lumi) pb σ t-ch.,t = 85 ± 10 (stat) ± 4 (exp) ± 11 (theo) ± 2 (lumi) pb σ t-ch.,t+t = 238 ± 13 (stat) ± 12 (exp) ± 26 (theo) ± 5 (lumi) pb It is possible to probe the quark PDF of the initial state as the ratio of top and antitop quark production is sensitive to the ratio of up-and down-type quarks in the initial state. This ratio is shown in Fig. 4 along with the predictions from different PDF sets. All measured observables are in agreement with standard model predictions. Additional details can be found in Ref. [3] . Figure 4: Measured ratio of top and antitop quark production and the prediction from different PDF sets. Uncertainties on the predictions account for the choice of factorization and renormalization scales, the top quark mass and statistical uncertainties. The CMS result was measured using the NNPDF 3.0 PDF set [3] .
